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An  in-house  effort  was  initiated  to  investigate  simple  (i-scat  hardware  eonfigrirations  for  the  pnr|vrsc  of 
developing  a low<ost  approach  to  (i-ciiing  simulation  in  flight  trainers.  Tlie  (i-scat  is  a motion  and  force  simulation 
device  which  replaces  the  aircraft  seat  in  a flying  training  simulator;  by  virtue  of  its  geometry  and  software  drive,  it 
imparts  tactile  cues  to  the  seated  pilot  which  arc  representative  of  the  scat  forces  normally  experienced  in  actual 
lliglil.  Tlte  Air  I'orcc  .and  Na’'y  .arc  procuring  (I-scats  for  both  training  and  rightcr  simulators.  Tltcsc  (i-seats  arc 
research  devices,  and  have  up  to  .42  actuators  distributed  in  the  scat  pan,  backrest,  and  lap  belt.  Tltcsc  scats  e:ui  be 
improved  upon  with  rcs(icet  to  simpler  gcontciry.  fewer  active  components,  and  more  effective  drive  algorithms. 
This  report  describes  a rcscareb  effort  on  the  Air  1 orec’s  Advanced  Simulator  for  Riot  Training  (ASl’T)  which 
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Pnibli'ill 

Il\o  ohjoclivt.’  of  lliis  stuily  was  l»  invcstipato  siiui'loi  (i-soal  haiilwaio  auiliiiutaliuiis  tdi  (lie  piKitoso 
orilosk'iihini;  a low-cost  appioacli  to  Ci-cuinj;  lot  I'lituio  lli^thi  siiitiilalois. 

ApproiK'li 

Hie  approaclt  to  domonstiatiitjt  a low-cost  Ci-soat  was  (a)  to  ilcvcliip  an  alitontlitn  to  iliivc  a 
imilti-colloil  tl-soat  such  that  (tnuips  o!'  scat  pan  anil  hackicst  plates  wouUl  he  ilnven  as  a unit,  (hi  to 
simulate  on  att  esistini;  li-seat  an  ailvanceil  low-cost  (I  cuuij:  system  with  lewei  components  ami  a simi'lei 
ihive  philosophs . aiul  (cl  to  suhjeclivel>  evaluate  the  nioilil'ieil  seat  iisni.e  the  lese.iicheis  as  suhiects. 

Kesults 

.■\n  algoiithin  wxs  developed  to  diive  a multi-celled  (i-seat  such  that  snnplei  seat  peoinetnes  could  Ik 
investijtated.  The  alitoiithin  was  nn|)lenienled  and  an  advanced  (1-seat  was  simulated  on  the  .Advanced 
Snnulatoi  loi  IMot  liaining  (ASIM'l.  Hie  simulated  seat  emhodied  the  piincipal  comivonents  ot  an 
■Advanced  I ow  -Cost  tl-i  uing  System  ( A1  CO(IS)  (1-seat  being  developed  In  the  Aii  l oice  Human  Kesouices 
lahoiatoiv  (.Al  lIKl),  .Advanced  Systems  Hivision  at  M tight  Patterson  -M  U.  Ohio.  I'lte  .A1  ('('(IS  iitih/es 
tublKt  seat  cushion  and  backtest  bladders  overlay  ittg  passive  thigh  wedges  and  ttibeiositv  blocks  and  metal 
seat  pan  and  backtest  plates,  lout  teseaiches  served  roles  as  subiects  tltiotighout  the  study.  Ilte  subiects 
were  asked  to  estimate  (1  levels  and  directions  ol'  cues  based  uixm  piioi  eviKitencc  with  the  bladdets  and 
(1-seat. 

rite  stnmiated  seal,  simi’le  in  design,  denionstiaied  a iiioie  inlegiaied.  continuous  sensation  ol  a seal 
sliucluie  llv.iii  does  the  Inst  geiieraiion  ASlM'-hke  seal.  Hie  advanced  appioach  ai'ivais  to  piovulc  mote 
accurate  (1  level  diiection  perception  than  iUks  the  rust  geneialion  seal  Coniomed  seal  I'an  and  backtest 
loims  which  weie  evaluated  tended  to  increase  the  I'cicoived  sensation  ol  aiea  ol  contact  I'lie  evaluations 
I'lovided  the  leseaicheis  with  an  eaily  analysis  ol  the  .A1  ('0(1S. 

Coneliisions 

An  advanced  (1-cuing  system  has  been  simulated  on  the  .-VSI’l' (l-seal.  The  advanced  seat  repiesenis  a 
si'cond  geneialion  developmenl  oT  (1-cuing  simiilatioii  haidwaie.  Hie  evaluations  peiroimed  on  the  .ASI’I 
and  desciibed  in  this  lepoit  demonstrated  a simpler  and  mote  eireclive  appioach  to  (1-seal  simulation  llie 
success  ol  these  evaluations  lead  the  wav  lot  riiiihei  (1-si'ai  sinnilalion  elToits. 
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I Ills  WiLN  iniiialcd  l'\  ilii’  .\il>aiu'od  SnsUmiin  l^iMsutii.  An  Imco  lluiii.ut 

Kosiuiiivs  1 .iKiiati'is  (AMIRI),  Wiight  AMI,  DImt,  muli'i  i'u>|ivi  olM, 

Siiiiul.iiiKii  Uvhnuiiios  K'l  .\ii  I kico  riaiiuii)',.  Mi.  I\iii  R (nun  l*itiji\'l  .'hii'iiiinI,  ainl 
task  ('I  141‘>,  Molii'it  aiul  I oui'  Snnnialum.  Ilu'  losoau'li  was  iH'ilniinoil  al  llu'  .Ailvaiuoil 
Ssstcins  IkMsuin  aiul  ilu-  Using  rianniig  Disisnin,  AMIRI,  wnh  Mi  William  H.  Mlvis 
as  I'liiKipal  iiisosligalni  Mi  l>anii\  C.  NUCnino  ilosoK'ivil  lIu-  snllwaio,  ilosi iil'fil  lioioiii, 
aiul  lu'livil  nnplmiu'iil  llio  ii-scauli  nil  llio  .ulvanaul  sntuiUnni  llioollnil  w as  vsnuluvlvul 
vliiiiii}’,  llu’  poiinil  linni  '0  IVsOinlu'i  I'l’S  (liiniigli  7 .Apnl  |')77 

lIu'  autUnis  wish  (n  ackiu'wKulgi'  llu-  gnulaiuo  aiul  siippnit  nl  Mi  (u'laKI  Kinii. 
Sni.wr  ('n  link  Ihvisinii,  Hnigliamtnii,  Now  Nnik.  wlin  loil  llio  losoaioli  Josoiihoil 
lioioiii  aiul  wlinso  liip  lopniis  soiso  as  llio  basis  Ini  llio  oniu'lusiniis  loaolioil.  Mi,  lollios 
Kloiiiw,iks,  ,Singoi  I ink,  wlin  pailioipaioil  m llio  losoaioli  al  Iho  I Isiiii;  liaiiniig  Disisinii, 
Ih  laiis  N nimg.  Mil,  whnso  haokginiiiul  iii  Iniinan  poioopiinii  nl  iiinluui  aiul 
niioiilalinii  was  ninst  hoiiolioial  In  llio  sliuls  , Mi , Is  nil  1 lininpsnn,  nl  llio  M IIRI  I Is  iiig 
lianiing  Divisinn,  sslinso  nvoiall  knnssloilgo  nl  iho  .Vilvanooil  Sinuilalni  Ini  IMni  riaining 
slioaniliiuul  llio  losoaioli,  aiul  Ms.  ('hois  I (iilhlaiul,  sshn  isivJ  Iho  iliall  lopnil. 
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I.  INiK»)|)l'(TH)N 

Hio  All  I nice  and  Nav\  aro  cuircntls  puisiiiiif;  tlyini;  Irainiiif;  siiiiulalin  programs  I'ur  such  laclical 
aircrall  as  llic  I 41,1  4.1.1  14.  A 10.  and  I l(i.  Wlial  each  of  Ilicse  programs  has  ui  conmum  is  that  a 

ll  scal  IS  cilhci  being  developed  oi  planned  lor  ihe  sinuilalor.  I'he  Navy  is  eiirrently  pioeiiring  eight  (M 
(•-seals  loi  the  I 4J  and  I 14  siimilatoi-s.  Die  Air  l oree  is  currently  on  contract  lor  prociiremeni  ol 
sixteen  (K'l  liiikbiiilt  (i-seai  svsiems  to  be  letiofitted  into  Ihe  b 41'  Iraiiieis  m this  country  and  I mope. 
Six  .-Vii  loree  (i-seats  aie  einrently  rii  the  ('icld.  Dte.se  .seats  (I'igure  I ) are  disciis.sed  m the  literature  (Kron. 
1075)  and  in  .Appendix  .A. 

Die  purpt'se  ol  this  repoii  is  to  doeuineiit  (1-seat  research  perl'ornied  by  the  .Advanced  Systems  (AS) 
Division  of  the  Air  f orce  Ih/man  Re.sources  laboratory.  Wrighl-Palterson  Al'U.  Ohio,  on  the  .Advanced 
Simulator  loi  Pilot  Tiaining  at  Williams  Al  l).  Arizona.  Die  original  Advanced  Sinuilatoi  lor  Alot  Tiaining 
(.ASPT)  (i-seat  vvxs  inodif'ied  to  (a)  investigate  simpler  (I-seat  geometries  and  drive  schemes,  and  (b)  simulate 
the  principal  elenienis  of  the  Advanced  low  Cost  Cl-cuing  System,  or  ALCOOS  (I'igure  2).  It  wxs 
anticipated  that  these  studies  on  the  versatile  ASPT  seat  would  give  investigators  insiglit  into  simpler 
hardware  eonliguiaiions  and  alternate  (1-cuing  devices  for  the  flying  training  environment.  Die  studies 
described  herein  were  condiieted  on  the  .ASIT  in  October  l‘)7(v  and  January  0)77. 


It.  SOITAVARI  I'RI  HARATION  I OR  C-SI-AT  CONriCLiRATION  RKSKARCII 
Objective  and  Approach 

Die  objective  of  this  study  was  to  itivesligaie  simpler  O-seat  hardware  conrigiiralions  for  the  purpose 
of  describing  a low<osl  approach  to  (1-cuing  for  future  flight  sinuilators. 

Die  approach  to  demonstrating  a low-cost  (1-seat  was  (a)  to  develop  an  algorithm  to  drive  a multi- 
celled  (l-seat  such  that  grouiis  of  .seal  pan  and  backrest  plates  would  be  driven  as  a unit,  (bj  to  simulate  on 
an  existing  (1-seat  an  advanced  low-cost  (1-cuing  system  with  fewer  components  and  a simpler  drive 
philosophy,  and  (c)  to  subjectively  evaluate  Ihe  iiiodifled  seat  using  the  researchers  as  subjects. 

Initial  preparation  for  this  work  was  tx’gun  in  IX-cember  ld75.  Based  on  reading  and  studying  the 
literature  (Kron.  D>75).  computer  program  listings,  and  manuals,  a computer  program  was  developed  to 
"connect"  (through  software)  selected  groups  of  (l-sea(  cells  (o  act  as  a single  unit.  Dius  a seat  with  fewer, 
larger  cells  could  be  simulated  by  these  connections,  bor  example,  the  present  16  small  seat  pan  cells 
(l•‘igurc  1)  may  be  used  to  simulate  a four-large-cells  device  by  “connecting"  the  four  cells  nearest  each 
corner. 

In  order  to  make  the  program  as  flexible  and  useful  as  possible.it  was  desirable  that  the  connection 
scheme  be  easily  changed  through  a calluKle  ray  tube  (CRT)  real-time  keyboard  without  any  need  for 
software  reprogramming.  In  addition,  once  a connection  is  made,  the  tyiic  of  connection  excursion 
calculation  should  also  be  variable  (i.e..  average,  minimize,  maximize,  or  deactivate  cell  excursions  within 
Ihe  connections).  Die  .software  logic  (to  satisfy  these  requirements)  was  develoivcd  at  the  Advanced 
Systems  I')ivision  and  used  a connection  input  array  of  dimensions  8 by  16  (maximum  of  8 connections', 
maxiimnn  of  16  cells  within  any  connection)  and  method  input  array  of  4 by  8 (any  of  4 methods  for  the 
possible  8 connections). 

I’aiameters  to  be  input  from  Ihe  keyboard  must  be  referenced  in  a section  of  Ihe  computer  software 
called  DAr.AROOI.  D.Af.AI’OOl  is  a common  storage  area  reserved  for  progiam  variables  used  by  more 
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li'sll'll  I'll  .1  W.Hli;  ii'llipilll'l  SSsli'HI  Ill'll'U'  lllst.lll.llli'll  I'll  ASl’l,  llllllll  IS  st.lllil.llll  pil'il'lluil'  ti'l  Ill'll 
si'llll.lli'  Hus  Ill'll  llipill  .ippil'.li'll  li'illllll'il  .lllilltli'll.ll  Si'ltil.lli'  li'illi  li>  t'li'.lk  ill'll  II  till'  ilipill  il'ili's,  t'lll 
Il'lllll'l'l)  till'  Il'lJlllll'Illl'IllS  lll'lll  Il'O  III  I'llll  I'  Ollll  till'  Sl'.lt  p.lll  II  .Is  lISl'll.  .IS  II  ll  .LS  .ISSllllll'il 

III. ll  till'  t'Ji  lill'sl  I'l'tls  I'Olllli  tv  sllllll.llh  I'l'lllll'i'tl'll  ll  lll'i  i'ss.|IS  I'l  ill'slll'il 

Inputs 

I'l'll  ii'iiiii'itii'iis  .111'  I'sl.il'lislioil  Ihii'iiiilt  a -4  iliiiK'iisii'ii.il  .111.11  iiaiiii'il  A.Sl'Nl'ODI  Hus  iiipiil  is 
ii'iiipi'si'il  III  Il'lll  iiiiiiitvi's  III  Il'Ul  iliiuts  cai'li  (iliiiii'iisii'iis  I li'-ll  I aili  iiuiiilvi  u'pu'si'iiis  a u'li  ol  n'lls. 
I'.K'li  iliilil  ii'pii'si'iils  a ll'll  aiiil  till'  i.iliii'  I'l  llic  iliiiit  iiiilii all's  iii  iiliiili  ii'iiiii'i'lii'ii  llii'  ii'll  is  to  Iv  loi'ali'il 

Hii'  Ivsl  ii.ii  ll'  \ isiiali.'i'  till'  input  silu'iiio  is  to  (al  ili.iii  a ski'Kli  ol  llio  soal  to  tv  siiiuilati'il,  tl'l 
sii|Viiiiipov  till'  It's'i'll  scat,  aiiil  U'  .issiiiti  itio  s.uiii'  lOiiiii'ilioii  muiilvi  to  oai'li  I'l'll  iiliiili  Ills  iiilliiii  a ii'll 
ol  till'  '*'.11  to  I'l'  siiiiulati'il.  I Ol  i'\.iiiipli'.  a scat  to  t'o  siiiiulati'il  is  lOiiiiMsi'il  ol  4 oolls  Sli'pst  11  lliioujtli 
( i).m'  illii.sii.ili'il  III  I I'liiii'  Puis  tlii'  inputs  lioiilil  be 


ASl'NffPl  111 

1122  (lepiesents  Isi  loss  ol  eellsl 

1 vsfSfinn  (21 

1 122  (ii'i'iesi'iits  2nil  low  ol  eellsl 

1 VSl'VtiPI  (''1 

• .'.'44  (lepu'si'iits  Mil  low  ol  eellsl 

VSfNl'liPI  (41 

= .'.'44  (u'l'iesenls  4th  low  ol  eellsl 

1 Aiii'thei  evaiiiple,  suuul.i(iiti;  a seal  uith  tiaiislatuii;  j'laiu'.  bui  sl.ilit>iun  IuIx'iomii  ii'lls  (It).  1 1 1 is 

i illiisli.ili'il  111  1 iijuie  ,' 

Ini'iits  Iveonie 

ASl'NftiPl  (11 

nil 

.'VSCNi'llpl  (21 

III! 

ASl  NfliPt  (41 

1221 

A.St  \fl)l>l  (41 

1 1 1 1 

Ihiee  a lOiineitioii  ol  eells  is  niaile.  theie  neeils  to  be  a iiielhoil  ol  ealiiilatiiii;  the  lU'siii'il  eviuisioii  ol 

all  I'l'lls  iiitliiii  till'  is'iiiii'i'lion  siiii'c  oaeti  mas  tiaio  a ilitU'ii'iit  i'.ili'iilali'il  ivniniaiiil  rioiii  tlio  oii^iii.il 
pioitiani  lojtii'.  In  tiyiiic  to  lU'ii'lop  .ill  ivssibilitii's.  it  soonioil  iiiost  loitii.il  to  aioiaiy  all  i'.ili'ulati'il 
I'l'inniaiiils  tlioiii  oiiitin.il  pn'^iani  lojiii  1 aiiil  icplaio  the  loiiiiiiaiiils  ivitli  tlio  aioiaito  ol  all  lOlls  \i  itliiii  llio 
"I'l'iiiii'i Ill'll  " Vililitii'ii.il  opiii'iis  ail'  ilt'ai'iivaiti'ii  (lu'iiiial  0 0 osi  iiisioii  I'oiiiiiiaiiil),  nia\inii/ation  |all 
I'l'lls  jti'l  till'  liijtlii'sl  I'l'inni.iiiil  iiilliin  the  I'l'iinei'lionl  aiiil  niiiiinu/.ition  (li'iiest  iMnini.iiiil  toi  .ill  ivlls 
isitliui  the  I'l’iiiii'i'lionl 

fell  I'l'iineition  iiietluHls  aie  esl.iblisheil  thii'iiith  a two  ilinieiisional  aii.is  naiiieil  .\SMl  I'llpl  . Pus 
input  IS  I'onux'seil  ol  isso  nunibei's  ol'  li'iii  ihitilseai'h  (iliniensu'iis  1 to  21  Pie  I'lisl  niinilvi  lepiesents  the 
liisi  Il'lll  I'l'iiiii'i'liotis  aiiil  the  seei'iiil  niiinhei  lepie.seiits  I't'iiiieilioiis  iliioiiiih  S (nia\iniuiii  ol  eiijlii 
I'l'iiiii'i'lioiisV  Pie  saliie  ol  the  iliitii  iiiihi  aies  how  the  e\i'uision  ol  the  eells  sMiliin  eaeli  I'oiiiiei'tion  is  to  be 
I'.ili'ulali'il  ( l able  1 1 

I'ahli-  1.  fell  I'oiincetiiNi  l'i»de 


Valu«  ol  Oltll 

MMKod  o(  C*lcuUtion 

ll 

No  ei'iiiieetion 

1 

Aseiaite  eviiisions  w i eoniieetioii 

Pe.ietivate  exeuiMons  w i eoniiivtion 

t 

Miiiinii/e  I'xeuisions  w 'i  iMniieetion  to  that  ol 
le.ist  eell  exeiiision 

4 

Ma\iiiu/e  exeiiisioiis  w i is'iineetion  to  that  ol 
itn'alesi  ivll  eseuisioii 

S 


i 


Figure  3. 


I t'i  I'y.nupU'.  lu  u'U'u'iuo  llu*  loin  I'oll  ov.in'plo  (I  ij'.iin'  M.  it  llu‘  tom  » oIN  iii  iMili 

n'Hiiv'i'tii'ii  wi'u'  ili’MU'ii  !>'  Iv  .I'l'iajti'il.  llu'  uii’ul  woiilil  Iv 


^ \SMI  ri'IM  (M  I 1 1 1 (.iNoi,i|',i' all  1 1 i'iiiuMu'iin)  j 

ASMI('('I'I  (^“1  (iMil\  J I I'liiuM ii'ii.s) 

In  n'lou'iuv  to  llu'  olhi'i  pu'x ii'iis  I'vaini'U' ( I ii’uu'  >l.il  llu' colls  sinnilalni!'.  a plain- ('  "iniiMU'ii  " 
won-  iloMU'il  In  Iv  axoiai'a'il  ainl  tin- ci-lls  Miiuilaliiu’,  tin- iiil'i-insiu  colls  (niiiiu-cln'ii  ''.'Iwcic  ilcsiicil  in  I'c 
ilcacinaloil,  ilio  inpiils  I'cov'inc 

VSMll'OOl  (1)  1 'lH> 

\SMU  (l|>l  (.M 

\lloi  llio  siicsx'ssliil  lost  nil  llic  Waiic,  cniiipiilci  sssiciii.  llic  Kv.n  was  cniivcilcvl  inin  I OKI  Is  W 
laiii'.iiapc  I u'lii  O seal  pn'i'.iaiii  w'liipiilci  listinj'.s.  a pi'iiil  was  Iniiinl  wlicic  llic  cniiiinainls  in  llic  seal 

I'clinws  wcic  III  liiial  Iniin  ^ 

llicsc  cninniaiuls  wcic  iiscil  as  llic  basis  Un  caK iilatiiic.  new  cv>nisinii  pallciiis  since  all  llic  iliixc  j 

pliiK'snpliics  will  have  Ivcii  inci'ipnialcil  iiili'  llic  Inial  vnininaiuls  llic  cnnncclinn  Ini-n  was  niscilcil  allci  | 

tills  pninl  \ paiainclci  » allcvl  1 St  1 101  was  aiUlcil  In  skip  nxci  llic  aiUlcil  v niinccin'ii  Incn  when  sol  In  ] 

••  1 M SI  I 

In  niilci  In  he  acicssihlc  liv'in  the  OKI  ilisplax  s,  \SONl  ('01  pO.  \SM1  I Ol'l  ('1.  atui  I S(  1 1 l 1 ; 

WCIC  aililcil  In  the  IVM  MMOl  ennininn  hUnk  Vnnilici  slop  vxas  ncccssais  holme  the  \ aiiahlcs  ciniUI  he  j 

acccsscil  h\  the  OKI  nu'iiilnis  V 'Malai'i'nl  ilcck"  was  vlcvclnpcil  assii'.nii'.c  llic  vaiiahics  a pknc  in  the  j 

vlalapnni  sUnape  ainl  assii-ninc  in  each  cicnicnl  nl  the  aiiax  a iliscicic  iianic  llnisllic  U'lii  cicinenis  nl  j 

XSl'NOOOl  alsn  hccnnic  icicicincil  h\  ONl'OOl  01 , ONl  OOl  0 I'NOOOl  0 ainl  I'NOOOUH  llic  Iw  n j 

clcincnls  nl  VSMI  OOOl  hcci'inc  Ml  OOl'l  01  ainl  M* OOl  (>.'  I 

ll  was  llicn  (H'ssihlc  in  ilcxcini'  a “paiv"  Ini  I'Kl  ical  nine  Oisplas  \ ■■\'aj'.c"  is  an  ali'lianiiincin  I'K  1 j 

vlisplax  nl  sciccicil  ASI’I  I'AI  VIMOl  vanahics  Iniin  winch  laincs  max  he  ilisplaxcil.  cnicicvl  x'l  chainvil 
lliinii)’,li  the  OKI  kcx  hx'aul  llacnnii  \ I pps,  l"’s|  Ihc  ONOlMM  . Ml  OIU'I  . ainl  I SOI  101  xaiiahlcs 
xxcic  ilisplaxcil  nil  nnc  OKI  pape  alniic,  xx  illi  llic  nnipnl  nl  Ihc  seal  pinciani  Ini  cell  cscinsiniis  Ihc  pace 
XX as  iiscil  In  cnnxcnicnilx  icsl  Ihc  npcialinn  nl  Ihc  pinciain  Mici  a Icxx  iiials  ainl  cniicclinns.  the 
inniiciiinn  Incac  was  csciiilinc.  pinpcilx 

I'nxc  riiilosoplix  Oinisulcralions  ! 

In  nsnn',  Ihc  ical  lime  lap.ihihlx,  the  nnpaci  npnn  ihixc  philnsnphics  xx  as  kept  in  miiiil  With  icspcci  - 

In  lianslalinn  ihixc,  llicic  xxcic  nn  pinhlcius  Ihc  "inaMini.c"  nicihnil  cnilc  xxasiiscil  Ini  each  cnnncclinn  j 

In  nhlain  Ihc  lull  cllcvl  Ini  seal  plane  niicnialinn  iliixcs,  Ihcic  xx  as  nn  pinhiem  as  Inn;- as  cav  h vnnnccln'ii  ; 

cinph'xcil  Ihc  same  cnnncclinn  mclln>ils.  ilial  is.  il  all  xxcic  axciai-.cil.  all  wcic  masimi  cO,  I'l  all  xxcic  : 

minimi/cil.  Axciai-.nii’,  appcaicil  In  he  the  hcsi  appinaOi  Ini  appinMinaliin-,  the  Ocsiicil  plane  anplc  Vnx 

cnnin-c  linn  s»hcmc  xxill  ncccssaiilx  pnniiicc  picalci  slop  iin  icmcnis  linm  cell  In  cell  ainl  lluis  the  >piahix  v>l  : 

plane  ancle  niicnialinn 

A xalnl  enninniinc,  sjicmc  was  ihc  mnsi  ihlliciill  ihixc  I'hilnsnphx  In  m.inilam  with  cnnnccicil  cells 
\n  csaminalinn  nl  the  sis  enninm  pinlilcs  ( kinn,  l"'s.pp  s.)  sslshnwslhal  unseal  cnniniii  is  picscnl 
Ini  Ihc  s avis  aicclcialinns,  hiil  lhal  cnnlniiinn-,  is  pinhahlx  sic.mricanl  Ini  accclcialinns  .ilnnc.  the  x ainl  . 
axes  Ihc  ninsi  mipnilaiil  cells  no  nnmhcis  10  ami  II.  which  aic  Inc.ilcil  ihiccllx  hcinw  ihc  ischial 
liihcix'siiics.  ni  hnnx  pinliiisinns  nl  the  peixis  \ssnmmc  lhal  Ihc  picscnl  cnnlnmiin-  scheme  is  ,in 
nnpnii.inl  lacini  Ini  Ihc  Inlal  iliixc  sxsiem.  Ihcn  anx  i nimcclinn  cnniicnialinii  shniihl  empinx  cells  lO.iinl 
I 1 in  scpaialc  cnnncclinns  ainl  pix-lciahlx  ainne  Ini  x axis  accclcialinns  li  shniihl  he  kepi  in  miinl  lhal  the 
amnnni  nl  innliihiilinii  nl  each  lacini  can  he  x.nicil  Ihinnch  cxisiin;'  pai.imclcis  Ihc  cxpcinncnici  miisi 
alsn  he  all'll  In  siihllc  nccils  Ini  mainlainnic,  cnniniiinic.  si hemes  sn  lhal  iclalixc  cxi nisinn  ihllcicin cs  ainl 
iliixc  philnsnphics  aic  mainlaincil  Ihns.  ihc  c.cncial  i nin  liisinn  xx  .is  that  Ihc  cxisimc.  iliixc  philnsnphics  .nnl 
Inpic  nccil  nnl  he  allci  Icil  il  Ihc  cnnnci  linns  aic  niailc  with  alicniinn  In  Ihc  ahnxc  cnnsnlcialinns 
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llio  lU'vi'U'i'iiioiit  111  lliis  sitllwaio  lias  niaiU*  il  i'ksmMi-  Io  um'  llio  VSI’I  seal  li>  iiii-'Nli^aU’  Miiiploi  mmi 
i;o»MiioliU‘s,  llnvvcvi'i,  Ivloio  siiiiiiloi  M-al  itMifi^iiialinii  losi-aiili  was  a ik-o»l  aioxr  li>i  a ilillt'it'iil 

ot  seal  sliiuilatii'ii  Ilio  Ailvaiuoil  SssU'ius  IHxiMim  I'o^iau  llu'  Jovi-Uunncul  vil  an  avUaiwvil  tisoal  m 
■Iniu-  aiul  iKuml  llio  snilwaio  ili-Skn(H\l  in  iIiin  u'lsni  ii>  Iv  inosi  Ivin-iuial  ii'  llu-  sliul>  iii  ilu- 

ailvaiui-il  soal  on  llu-  ASIM  llu-  nnpU-nu-nlalion  ol  lln\  solluau-  aiul  llu-  \nl>\a|iu-nl  Minnialion  ol  llu- 
ailvaiui-il  si-ai  is  llu-  siil<|i-ci  ol  .'h-oIioii  III  ol  ilns  ii-|<oii 


III.  \l  ( «Hi.S  t (INI  II.IK \IION  SIMI  I MIIIMIN  VSI‘I 

llai'ki;niiiiul 

In  u-«.oiU  voais  snnnialuui  miI'ns sIv'iiin  li.isi-  Ivvonu-  asailal'U-  aiul  Muiu-sslnlh  nsoil  in  u-iiiIoki-  llu- 
kiiu-sllu-lu  slininli  asailal'li-  lioni  inolu'ii  swu-nis  II  i\  lluui^lil  ih.il  in  .uUlilion  u>  a K-inlou'ini|  loK-  llu-si- 
siiliss  sli-nis  ('lovuK-  an  i-niu  linu-nl  ol  llu-  m um-  >>1  kiiu-Nllu-sis  I's  .uUlini;  llu-ii  i>un  nnuiiu-  inini'li-nu-nl  ol 
I lu-s  lo  llu-  lolal  i.'iu-  ai^i^u-^aU-  llu-sc  miI'ss  sl-.-ms  liasi-  Ivw'nu-  kiuus  n as  llu-  I ■ seal , ( ■ suit , aiul  seal  sluikoi 
sni'sx sli-ins.  In  Iniu-  l*>  ’ii,  llu-  An  I oue  auauU-il  a eonli.ul  lo  llu- Snii;i-i  l'oni|>an\  I ink  l'i\ isu>n  l>«  iliau 
llu-si-  llm-i-  ii-i  Iniolo.uu-s  iiii;i-llu-i  inlii  one  i'.ukai;e  ealleil  llu-  \»l\aiueil  Ion  ('osl  ll-eiinii;  Svsieni 
I Alt'lUi.S)  while  sninillanemish  desiinnnii  U>  nni'iose  llu-  I'eiloiinaiue  ol  each  snl'ssslein  al  a u-ilneeil 
e»>sl  Sollwaie  ilihe  an.iloiiies  an-  l>>  he  levu-weil  aiul  ii|ulaleil  when-  possible  In  inloinialion  ileielopeil 
snue  ileliieii  ol  llu-  I'lisl  iieneialion  (i  seal.  I'  snil,  aiul  sliakei  siibsssleins  llu-  Al  I'l'liS  is  lo  he  nislalU-il 
as  pail  ol  llu-  Al  IIKl  Vilvaiueil  Ssslenis  Ihvision  Snnnlalion  aiul  li.nninil  Ailsaiuevl  Kese.iieh  Ssslein 
(.S  I .Als.Sl  eoinples  aiul  nseil  loi  eonliniu-il  leseaieh  mio  li-s'iiiipe  nlilili 

VI  ClH.S  Si-al  l‘an  and  Itaekn-sl  i oinponents 

llu-  ViroiiS  (lienie  einpUns  as  seal  snhasseinhK  ilenis  (ala  li\  dianlu'.ilK  aetualed  si-ai  pan 
eiisliion  Mih.issenihh  , (hi  .1  li\ ili.inlie.ilh  opeialeil  lap  hell,(e)  a li\  ilianlie.ilK  aelnaleil  h.ukiesi  eiishu'ii 
snh.isseuihK  , (d\  pueiuw.uu  honuess  eell  piessine  aiul  aie.i  ol  eonl.iel  deiues  hn  holh  seal  ('an  and 
h.ukiesi  ensinon,  (el  lol.il  se.il  li.nne  hnllel  diiien  In  a sepai.ile  liNdi.nilie  .u  lnaloi.  (Il  a pneinn.iiiealK 
.lelu.ileil  llsnil,  .iiul(el.i  p.issne  slionlilei  li.nness 

In  llu-  ease  ol  posilise  l.'s  01  lu-.ulw.nds  ( Kl/l  veilieal  aeeelei.ilions  ihe  liinnu-ss  hl.uMei  will  dell.ile 
llu-iehi  ineie.isin^  llu-  pu-ssnie  on  llu-  hnlloeks.  anil  p.nlienl.iiK  llu-  isehi.il  Inheiosilies,  h\  loweiinp  llu- 
snh|eel  onlo  ihe  nppei  plane  I 01  nep.ilive  Ids  01  loolwaul  aeeelei.ilions  llu-  rnniiu-ss  hl.uldei  liisi  will  he 
nillaied  lo  llu-  noinni.il  11-  slale,  and  llien  llie  npivi  plane  will  he  lianslaled  up  leiliealK  lo  enh.inee  ihe 
hl.uldeis  s ousel  i ne  and  allei  llu-  lel.ilne  ei  e posilion  Ihe  loll  and  l.ileial  enes  w ill  he  similaiU  enhaneed 
In  seleeliM-  inll.ilion  and  dell.iiion  ol  llu-  side  In  side  eells 

Il  should  he  Holed  ih.il  ihe  inlei.ulion  ol  llu-  dnaleelled  riininess  hl.uldei  wilh  llu-  i.iised  snil.ues 
loealed  oiilhoaid  on  llu-  nppei  pl.ine  seises  lo  eanse  ihese  snil.ues  lo  eoniael  ihe  llesh  ol  llu-  sealed 
siihieel's  lliieli  III  iiineli  Ihe  same  inainu-i  llu-  I'lisI  iieneialion  (i  seal  .leine  ihiiih  panels  (I  iinne  lleoniael 
llu-  ihiiih  llesh  aie.i  Vieoidine  lo  ihe  aiea  ol  eoniael  h\  polhesis,  iiiulei  ineieased  (■  loads  llu-  riiiniu-ss  eelK 
pioijiessneh  dell.ile  nuhu me  an  nuiease  in  Ihe  hnlloeks, 'seal  .iie.i  ol  eoniael  llu-  liisl  eeneialionli  .se.il 
eles.iled  ils  ihieli  p.inels  iiiulei  like  eoiulilions  Siinil.iiK  loi  iielilw .nils  seal  aeeeleialion  01  loll  li.ehl  wine 
down,  ihe  lell  liiinness  hl.uldei  is  |'ioi;iessi\ el\  dellaled  eansine  ineieaseil  hnlloeks.’ seal  aiea  ol  eoniael  on 
llu-  lell  side  ol  Ihe  seal  I'ndei  siiiiilai  eoiulilions  llu-  I'lisI  ,eeneialion  (iseal  eleialed  ils  lell  ihiiili  panel 
llu-  riiinness  eell  .ippioaeh  .ip|vau-il  as  il  il  eoiild  \ leld  laiih  slioni;  piessine  and  aiea  ol  eoniael  sinniili 
and  also  displ.ised  sltoiie  polenli.il  loi  pioMiliiii;  a well  nileinaled,  eonininons  sliinnii  ihioiiehoiii  ihe 
hniioeks  aiea 

l lu-  haekiesi  eiishion  illiisli.iled  in  I iiinie  2 will  eiii('lo\ , like  Ihe  seal  pan,  Ihe  iip(Vi  lowei  plane 
eoneepi  and  displav  Ihe  h.isie  eapahihu  ol  iiioMiiti  in  ihiee  deiiiees  ol  lieedoin  (al  lip,  wliieli  eanses  ihe 
haekiesl  ensinon  lo  he  lolaled  ahoiil  an  asis  whieli  esiends  laleialK  aeioss  and  in  Ihe  plane  ol  Ihe  h.u  kiesi 
ensliii'ii.  (hi  nil,  wliieh  eanses  ihe  h.ukiesi  ensinon  lo  he  lolaled  ahoni  an  avis  in  Ihe  plane  ol  Ihe  haekiest 
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cuslimn  ami  jvi I'emluiilai  In  llu-  up  a\ls.  aiul  (n)  siirpo,  wlikli  >.aiisos  tin-  liackivsl  ciislmm  in  liaiislalc  iii  a 
liiicctu'ii  luiiinal  lo  Ilic  nominal  haikiesl  cnsinon  Miilaik'  oiicnlalion. 

In  koopini;  \\ illi  llio  Ivliol  that  aica  ol -<.oiUai.l  sliinnii  an'  voi\  sii’inlkanl  in  llio  lowoi  liai.ku'sl  tlniiiu' 
\ a\is  ai\oloialions  ami  an'  likaK  lo  hcvoino  nioic  nnpoilani  as  si-at  roilim.'  imioasos  in  liii'Ji-Ci  aiuiaU  ami 
tho  bas'kii’sl  is  nuuli'  inou'  u'sponsivi'  lo  / axis  aswli'ialion.  a laJial  iliivc  cli'iiK'nl  has  lioi'ii  hkaloil  in  I'aili 
oi  llu'  loNM'i  lOiiu'is  ol  Ilk-  Ivkk  ..■nsliion  nppci  plain'  ll  is  li'll  llial  ailiso  I'loiik'iils  au'  m'oik'il  lu'u'  lo 
pioMiU'  Ilk'  ik'i’u'i.'  ol  aK'a-ol-i.onla<.l  vlianpo  lonml  Ik'ik'rkial  in  liisl  pi'ik'ialion  (i-si'al  haikiosl  oonloinin;.’. 

Ilk'  Ivkkk'sl  viisliion  smII  also  ^.•lnplo^  a liiinm'ss  hlavUli'i , liowi'Vi'i.  il  will  i.onlain  oiiK  a siiu'.U'  ii'll  as 
I'ppost'il  lo  Ilk'  Jnal  oi'll  I'lnplov I'll  in  Ilk'  soal  onslmni  llio  haokiosl  rninik'ss  hhkhk'i  will  osoilav  llic  nppi'i 
plam-  ami  bo  usi'J  lo  oi'iu'iaio  piossiik'  vanalion  sinnnii  m Ilk'  lo^ioii  ol  llio  oonU'i  ol  llio  baok.  Ilk' 
opoialion  ol  ilio  baoku'sl  liiniik'ss  ooll  will  bo  siinilai  lo  llial  ol  llio  soal  pan  liimnoss  oolls  nmloi 
lliinslinp,  oomliltons,  llio  ooll  will  ilollalo  si'  as  lo  poiniii  ilio  pik'l’s  baok  lo  bo  snpi'oiloi.1  on  llio  ripkl 
baokiosi  iippoi  piano. 

Nix'il  aiul  Objootivo's  for  Al.t'OfiS  (dnfi^iiration  Sinuilalioii 

\ luiinboi  ol  ai'pioaolk's  lo  llio  probloin  ol  I'loNklnui  an  .MC'fHiS  havo  boon  oonsitloioil.  Mans 
apptoaolios  oan  bo  lojooloil  oiil  ol  liaml  as  ovoisimphrioal ions  ol  salols  lia/auls.  llowovoi,  llioio  aio  also 
mans  oonoopis  oi'inpaliblo  willi  llio  l>|v  ol  niool.aiii/alion  ilosnoil  ami  possibh  wdiiIin  of  ilovolopnionl 
o\on  il  Ihos  aio  onl>  parlial  oonliibiilois  lo  llio  overall  (1-onnig  svsioni. 

Ilk'  si'loolion  pioooss  was  Jillionll  in  llial  oaoli  ol  llio  oonoopis  has  inoiil  ami  some  aio  nol  iiooossaiiK 
nuilnallv  oxohisoo  wilh  lospool  lo  olliois.  In  soino  oases,  oonlomlinp  oonripnialions  show  lilllo  rlirioronoo  in 
polonlial  siioooss. 

\lllkHij;h  ov.ilnalion  ol  oxislin^  Ci-soals  is  by  no  moans  oompk'lo.  oxpoiiom'o  lovoals  lhal  fl-si'als 
proviilo  Oik'S  by  luinishini;. 

I.  .A  illlToronlial  pallorn  of  pressures  on  llio  bnliooks.  lhi;ahs,  ami  baok  ooi lospomlini;  lo  lillinp  iho 
soal  pan  ami  soal  baok. 

-.  A vaiiaiion  m iho  amonni  of  area  of  iho  buiU'oks  pn'vnlin.u  snppori  of  iho  oiowinan's  w'oij;lil. 
Mils  vaiiaiion  laiiucs  from  oonoonlralini;  llio  oiowinan's  woi^lil  on  his  isolnal  liiboiosilios.  or  iliffnsinj;  his 
woijalii  over  iho  oiiiiro  biiiuioks. 

v IVrooivoil  lighlnoss  of  llio  soal  boll. 

Mio  proposed  .\llO(iS  liosiim  ihoorolloally  I'loviilos  all  llioso  onos/sonsaiioiis.  Is  applioablo  to  seals  of 
vaiioiis  aiiorafi  sinuilaiois.  is  olo.uaiil  in  its  simplioily . ami  will  proviilo  low  life  oyolo  oosis. 

Thus,  Il  was  ilooklod  iliai  an  allonipi  lo  siimilalo  iho  ooniTpnralion  ami  oporalion  of  Iho  Al  C'CXiS 
lhroiii;h  niiHlilioaiion  ol  iho  .A.SI’l  (i-soat  vvonki  bo  appropriate,  ll  was  oxpoolod  lhal  the  siniiilatioii  woiikl 
provklo  a provk'w  into  whal  oan  bo  ox|H.'oloil  from  the  Al  C'OCiS,  so  that  oillior  the  proposed  AK'OCS 
design  oonki  Ix'  validated,  or  iiielleolive  oompoiieiils  idenliried,  and  alleriialives  suggested  well  in  advanoe 
of  hardware/soflware  developmenl. 

.Approaeli  lo  .ALC'OCiS  Conrigiiration  Sinuilation 

ll  was  initially  planned  to  perform  the  siimilalion  using  the  software  (disoussed  in  the  iTrsI  half  of  this 
report)  to  eonneol  appropriate  oells.  However,  due  to  Ihe  nnii|ne  nalure  of  the  Al  COMS  (plane  drive  and 
rirmiiess  oells).  il  beoame  apparent  lhal  an  adequate  sinuilalioii  ooiikl  nol  be  performed  by  only  eomieoliiig 
Ihe  oells.  An  allernalive  approaeli  w;is  developed  whioli  employed  Hal  melal  plates  allaohed  lo  the  ASPT 
seal.  Hie  plates  simulated  the  seal  pan  and  baokresl  upper  planes  of  ihe  Al  COCkS  ( (■igure  2).  Wood  llii.gli 
wedges  were  allaohed  lo  the  I'lales  lo  siniulale  the  thigh  wedge  design  of  Ihe  AK'OCS  (I'igured).  Two 
melal  plates  were  made,  one  with  a outoul  to  permit  exoursions  of  ASPT  bellows  wliioli  would  represent 
aolive  tuberosity  elemenls.  Ilie  other  plate  had  no  ouioiit  and  raised  bkx'ks  were  added  under  the 
tuberosity  areas  of  inorexse  pressure  as  Ihe  rirmness  oell  deflated. 
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I 'iyiirc  4 l-ronl  vio«  of  c\i>ost‘il  ASIM'  (i-siMl  tu'llowN 

I immi'Ns  n'lls  SMiiil.ii  to  iIk’  A1  ('(HIS  I'loposoil  riiuinoss  colls  woio  piosuloil  In  Sinooi  1 ink  loi  iiso  in 
llio  Ml'CHiS  conlnMii.itiiins  sniinl.ilioM  llio  liiumoss  colls  woio  allciclioil  to  llio  so.il  p.iii  .iiul  I’.ickiosI 
I’l.ilos  .iiul  ho  I'voi  iho  ihio.li  woilo.os  (lij'.nio  >)  lluis.  iiuin  of  Iho  inaioi  liaulw.iio  coiiipononls  iil  llio 
\l  CIM.S  woio  siiiiiilaloil 

llio  liiiiiiioss  colls.  Iii'wovoi,  aio  a lolalivols  non  coiicopi  willi  no  analopoiis  coiiii'oiioiil  in  llio  ASl’l 
li  soal  ll  was  nocossan  lo  iliivo  llio  rniiinoss  coll  in  a logical  anil  valiil  inannoi  in  ouloi  lo  pioiviK  snmilalo 
llio  opoMlion  ol  llio  \l  ('(MiS  I oilinialols . snioo  llio  niolal  plalos  woio  lo  ho  oioilaul  on  llio  ASl’l  an 
hollows,  llio  nooil  loi  in.iin  ol  llio  \Sri  hollows  (aiul  all  ol  llio  \Sri  lliip.li  panol  collsl  was  oinnnialoil  Iho 
pnoiiinalic  liosos  coiinocloil  lo  llio  nnnsoil  an  hollows  conlil  lliiis  ho  allaclioil  lo  ilio  |■nnlnoss  oolls  loi 
inHalion  oi  ilollaiion  conliol  (I  iiniio  5) 


I ii;i<ri  . \l  ( ()(iS  sinmialioii  im-tal  plali'  lapoil  omm  IicIIdwn  with  wooiloii 
tliiuh  woiimw,  tiilicrt>si!\  hloi’ks  aiu!  tirnmi'ss  ooll  I'vpoval 


Sollwari'  IK-M'lnpiiH’nl  lor  I irniiiiws  ( ill  ( oiilrol 

\|' j’l  o|M  la  li'  ''Of  [ w ,ii  i'  was  I I’l  [nif  i’ll  in  i oJi'i  li  > pi  i >i  iiK'  i on  1 1 1 >1  o 1 I hi’  iii  llal  ion  ol  I lu'  lit  iiiiu'ss  1 1 IK  iii 
a loi’iial  iiiaiiiH’i  loonliiiali’il  willi  llu’  ollu’i  MsU’iii  loiiipoiu’iils  \s  a lu’w  aiiil  iiiin|iu’  ili’MH’.  llw  1.  lUiiii’ 
lapat'ililii's  ol  ihi'  liiiniK’ss  ii’ll  won’  unknown  li  lonlil  Iv  assunu'ii.  howaii'i . lhal  llu’ inaMnnnn  \'u'ssnu' 
M’tisalion  wouli!  oiiiii  wtii’ii  Ihi'  lioniu’ss  la'II  was  iinai  lolal  lii'tlalion  lisiliial  inln'iosilii's  m lull  lOiilail 
Willi  llu’  pii'ssiiii'  hloiks  on  (In’  iiK’lal  piali'sl 

( onsi’i  si’K  . llu’  ininiiiniin  pu-ssnii’  son  sal  ion  w onUI  oi  I'lii  w lii’ii  llu’  lull  liuks  an'  i aisi'i!  oil  llu’  iiu’lal 
plali’s  In  inllalioii  ol  ilu’  rniniu’ss  ^nlK  llnis.  a ii’lalionsliii'  lu’lwi’i’ii  Ininni’ss  lU’ll  iiillalion  aiul  si’iisml 
hill  loi'k  pii’ssiiii’  1 1 1 i iii’s)  w as  I’slahlislii’il  In  llu’  lollow  ini'  nii’l hoiK  \s  illi  a si’i u’s  ol  siihii’i  Is 


I It  was  assiiinoil  that  tlio  ii’lan>>iisliii'  is  i.'oniiiiiioiis  with  tin  llosmi', (i  o , it  lan  lu'  ai'i'ioMiiiaioil  Iw 
an  Oiiviation  ol  sivoiul  ouloiV 

J llio  tiininoss  I'l'll  was  inllatod  niilil  llio  siil'u\-|'s  hiilIot.'lvs  wcio  jnsl  oil  llio  nu-lal  I'latos  aiul  no 
ik\'ii’asi'  in  si-nsoil  piossnic  wxs  pioiliuoil  In  aiUlilional  inllalion  (innnnnnn  Iniltos'k  (vak  picssnto) 

v Ilio  riinini.'ss  I'oll  was  dollaloil  until  a inasiiiiiiiii  pu'ssuio  was  soused  l'>  llio  siil’ioois  tina\inniin 
I'littook  peak  piossiiio ; inaMiiniin  positive  Ci-siiniilalion). 

-I  Ik'iwivn  these  two  I'oiiils.  the  siihieel  eslinialed  the  I'oiiil  iiiulwav  helween  the  ma\inuiui  aiul 
ininiiiiiim  sensed  hiilii>ek  piessiiies. 

>.  \ liviie  level  w;is  assigned  to  the  niasinnini  piessiiie  sensation  and  a t.I-ene  level  to  the  nnninunn 

piessnie  sensation 

Hie  e.eiieial  lelalionship  espiession  is: 

r ,m;’  » lu;  ♦ v 

when-  Vi  sensed  piessnie  levels  on  hnitoeks  (to  heeoine  eonnnainleil  Vi  ones  lioin  Ilii',hi  eipiaiionsi 

I’  liiinness  eell  iiillaiion  piessnie  eoiiespondiHi;  to  sensed  piessnies,  Vi 

ik  V'  eoelfieienis  deleiniined  h\  analvsis  ol  lesnlts  lioin  steps  I ihionj;h  > above. 

It  the  lelalioiiship  is  lineai 

\ /eio 

H slope  I'l  lelalionship  plot 

ami  V'  lepiesenls  piessnie  iviiniieil  to  inainlain  the  iioinial  I Vi  slates  as  the  /eio  ( I HI  plot  inleu  epi 

II  the  lelationship  is  non  linear 

.■\  and  U are  not  easih  diseeined  lioin  ('lots,  hni  inav  he  ealenlaled  lioni  a set  ol  data  horn  the 
pievions  steps  1 Ihionph  >. 

V'  ineainnp  is  nianilained  as  the  IH  stale  piessnie, 

\s  pievionslv  nieniioiieil.  the  ihii’h  eells  pneinnalie  lines  weie  to  he  used  loi  ci'nliolhne,  Ininness  eell 
nillaiions  Hie  .'VSI’r  thie.h  eells  luninallv  leaei  to  veilieal,  loiiiytmlinal,  and  laleial  aeeeleiaiions  in  a 
eooidinaied  lashion.  Hie  drive  i'hiloso|'hies  loi  these  esenisioiis  aie  snnilai  to  the  oveiall  dine  phiKwopIn 
ol  the  Ininness  eells  Hnis  it  was  deeuled  to  use  the  existinp  svillwaie  ami  eoininamled  esenisioiis  to  the 
Ihii'.h  eells  as  the  hasie  lepiesenlalion  ol  the  ev'Uiinamleil  Vi  levels  hn  the  riiinness  eells  Hie  laleial, 
lotalional,  and  veitieal  eoinponeiils  I'l  the  ihii'Ji  eell  eoininamls  w onid  he  applied  to  the  seal  lii inness  eells 
and  the  loiie.iindnial  ei'iiiponeiil  would  he  applieil  |i'  the  haekiesi  A I'lieniiialie  line.  Iioin  the  leli  thie.h 
eells.  was  eoiineeled  to  the  left  I'liinness  eell  of  the  seal  A pneninalu  line.  Iioin  the  iie.lil  llneli  eelK.  w as 
eoniieeled  to  the  iielil  riiinness  eell  ol  the  seal  AiU'lhei  thie.h  eell  ('ll  pnenniatie  line  was  used  li'i  diniiie, 
the  h.ukiesi  liiinness  eell  ll  was  anlieipaied  that  the  tliip.h  eell  si'llwaie  ei'ininamls  wonKI  not  he  ilneelh 
ai'plieahle  ti'  liiinness  eell  opeiation.  Hieieloie,  alleiinalion  laeli'is  on  loni'.itmlnial  ami  laleial  eoiii|\inenls 
weie  .uUled  to  the  .soliwaie 

Vhieniallv.  it  was  heheved  that  a hias  l.ieloi  on  esenisioiis  would  he  .ippiopii.ile.  hut  snhsi''pieiit 
.ni.ilvsis  showeil  that  it  has  no  nselnl  Iniietion  that  eaniiot  he  iviloinied  hv  the  V leini  in  the  pievions 
e>pialions  ll  was  deletevl  in  Inline  woik  to  levhiee  eonlnsn'ii 

\SI’l  I i Seal  AUidirieaVkvn 

At  NSilhaiiis  A1  If.  Aii/ona  in  V V lohei  I 'i?!'.  the  soliwaie  was  nistalle>l  .ind  the  piessnies  (dehveieil  l»' 
the  \SP|  (■  seat  thie.li  eells)  weie  lesleil  (I  le.nie  i>)  ll  was  ileenled  t>>  use  the  piieninatie  line  piessnies  ol 
eell  >1  as  the  haekiesi  riiinness  eell  iliive.  eell  .'7  piessnies  loi  the  leli  hall  ol  the  seat  riiinness  eell.  ami  eell 
7'V  piessnies  loi  the  iiplil  h.ill  ol  the  seat  liiinness  eell  Hie  metal  pl.ites  in  the  seal  ami  h.ukiesi  well  with 


/ /i;;/'.' M CCXiS  siimiLilioii  scat  |tan  aiul  Ku'kri'sl  iiu-lal 
plalos  ami  finniu'Ns  ivIK 


till'  lli.il  ll\o  O'ltu’K  v'l  ll\i'  siMl  I'l.iU'v  li.ul  lo  I'l’  liiniiiu'il  li>  ari\  poNSibliiv  I'l  l.Miiiii'  llii- 

MMl's  inu-iiM!’  iiialoiial  CKI  u'.il  limo  miniilin  (’a‘.\->  vvou-  ilovi'K'iwl  m ouU-i  lo  h.i\v'  alt  Uv\-»lovt  au»l 
ivMWOiiu'nl  I'a  I aiiuM  I'l  s i s|>la\ Oil  aiul  vhaniyal'K'  I'li  oiu-  oi  Iwo  paiVs  lal'oU-J  "Ml'lX.S 
I (>M  II. I K \1  IDS  SIMl  1 \l  ION  ■' 


ll  «av  ik'i  i.U'.l  1.'  "sMli-  ilown”  llu'  pii'sMin-v  I'l  ilu'  llii;.',li  I'clis  so  llial  a U.  U'\i'l  w oiiKI  ootiiinaiut  a 
pirssiiri-  III  I 's  psi  Mils  \ahu'  lia.l  I'Oi'ii  ik'k'iiuiiis’il  as  lhal  lUViU'it  U'  iiiaiiilain  ^ll!’hl  isihial  uiK’ii>sit\ 
vihiMiI  wiiIi  iIk’  iiuMal  plali-v  lumi  pioMous  In  iiiiu'ss  ii'll  i'\pi'iiiiu'nlalii.ii  al  Siinvi  link  aiut  ii'iiliinu'il  al 
\l  IIUI  \SM.  \\  I iplu  I’aiu'i  M'l)  \lll(sii'  \ppi'iuli\  IM  lU  ailinsini;' ill!' ll'NMl  I l1\\  sahis  lo  I psi  al 
a lU'iinal  K.  stale,  llie  neoil  tm  Ilu'  I leiiii  s.ilne  in  llie  pu'Mi'iis  ^•^ln,llullls  \s .is  I'Innni.iU'il  ll  w .is  now  oiiK 
lU'si'ssats  lo  itoU'iiniiK'  ilie  V .iiul  oi  H loelluieiils  ol  llie  u'l.il loiislnp  I'eiwi'i'ii  seiiseil  InilUuk  piessnu's 
lioin  llie  InniiK'ss  eelK  .iiul  llnpli  sell  eviiiision  lonnii.nuls  (u'l.iU'il  iliu'elK  lo  liene  10111111.1111^ I 1 lie 
pii'ssiiu's  ilelneu'il  In  llie  piu'iiiiialu'  liiu's  i.mm'il  lio.n  0 10  iii.imiiuiiii  l.  iiie  (loiiespoiulni!'  lo  iiniiniunn 
lliij'li  ii'l’i  I'Xiiiisioii  .Mill  niniiinnni  rniniu'ss  ^■..■ll  inll.ilionl  lo  I al  llie  iioini.il  ll.  sl.iie 


( 


H\o  iiiiMal  1’l.iU‘s,  iliii^h  .uul  liimiiovs  lolK  woic  iiisi.illi'd  »'\v'i  tiu'  ASIM  (■  so.K  tiuivau’  ii'IK  A 

suliw.iio  (.'haiijy  was  n\a»U‘  li'  poiiiui  (i  wai  soliwaio  i»  I'o  ’MiMaklu'il"  luuii  tUiiainu'  llinhi  minus 

sik'li  (hat  u'latu'iial  I'aiamotms  aiisl  Npivitu'  amslaiil  (i  lou’ls  loulil  Iv  mpm  loi  ilu'  \,  \ , aiul  / avi's 
vMthinii  "lU  mi;"  ASIM 

Slatii'  I'valiiulioits 

11\i'  riinmoss  I'oll  lUini;  lapabilUios  woto  U'sloil  wiili  \aiunis  Mihimis  umiij;  unK  llio  I'nmiiosN  ivll  iiics 
l'\  iloaitivaimi!  llio  seal  aiul  Inuku-sl  iIum's  (m'o  App.'iulix  IM  Alim  Inniii;  i;iM‘n  o\amploM<l  maMiimml., 
nmimunii  li  aiul  I'tiun  li  linols,  llu’  subiivls  wmo  al'li’  lo  ilisliiuniisli  i|iiili'  lu'll  llu'  lamlimi  li  Kncls  iiipm  li 
U'scl  inpiils  wi'io  lanoil  m tiu'  >.  aiul  / aM's  al  I'lisl  sopaiak-l\  aiul  llu'ii  iii  iiiiiil'iiiatunis  I'l  iiiikiuuMi 
iiiaimitiuli'  U'  llio  Mib|i\'ls  riu‘  iliuntunis.  soiisal unis,  aiul  iiiai;iiil luU's  ol  avvi'loialunis  m'i'iiuuI  ioiu\l  llu- 
u-Mills  iiiiplu-il  that  as  a icsiilt  iil  i-.aliiii;  ilnwii  llu-  l ONDI  1 l)\\’  pu-ssiiu-s  ui  1 ?>  psi  al  Hi,  llu-  u-lalu'iisliip 
lu-uii-oii  si-iisi-il  Inillivk  pii-ssiiu-s  aiul  lliii;li  I'oll  i-SiUisu'ii  iimiiiii.iiuIs  u.is  appii'\iiiiali-|>  a sliaiiilil  liiu- 
Milli  slopo  ol  1 ill  1,  A ll,  a liiu-ai  u-lalunisliipk  Hus  ii-siill  alsu  iiniriiiiu-il  pu-liiiiiiiais  U-sliiii;  al 
Wiiiilii  IMlU'ismi  Al  11,011. 

li-sis  isi-ii-  llii-ii  K-poali-il  iMlIi  seal  aiul  Kuku-sl  plaiu-s  .uliso  \miIi  Oi|ii,ill\  siu'i'i-ssliil  u-siills 
lli'\si-si-i , a bias  l.u  loi  was  aiKIcil  U'  baeku-si  riiiiiiu-ss  ei-ll  opi-ialuni  ui  luwi-i  llu-  lO  siiaii;bi  aiul  K-m-I 
b.uku-si  piossiiu-  lioiii  1 ’■>  psi  (III  appu>\iiiiau-l\  1 'SI  Hus  biasiiic,  seeiiu-il  in  iiiiiiiiiii/i-  oi  i-liiiiiiiaU-  a 
pu'bk'iii  ol  eoiillu'iiiij;  siiiiiiili  leoiiUuiiiiii;  vs  pu-ssiiu-)  eaiisi-il  b>  llu-  iwi'ipu-ssuii/aium  ll  was  lau-i 
Ji.si-iui-ii-il  llial  llu-  bias  tai'lm  winilil  alsn  ili-eii-.isi-  llu-  laiiili-  nl  llu-  riiiiiiu-ss  n-ll  u-spniisi-s,  bill  in  lliis  e.ise 
II  was  lu'l  In  a siiyiiruaiil  iU-i;u-o. 

Hrivi-  Pliilostipliv  Rosoan-h 

Hiiiiiij;  llu-  U-sliiii;,  a i|iu-slu>ii  li.ul  aiisoii  as  lo  llu-  pinpiu-lv  ol  llu-  b,u'ku-sl  iiiovi-iiioiil  in  u-spoiise  lo 
aeei-li-ialioiis  aloiii;  llu-  \ a\is  isaiiu-  ilnvo  pbilosopliv  as  nsoil  in  llu-  liisi  lu-iu-ialioii  1 1 seal  iiiuli-i  ilniisiiiii; 
eoiuliiioiis,  b.uku-si  pivols  loiwaul  about  a laU-ial  Inu-  posit loiu-il  sliiiliilv  above  llu-  lop  ol  the  baekiesi  1 In 
lesiMiise,  a set  i>l  baseline  ilaia  l.-\ppeiuli\  IH  was  taken  wiili  llu-  baekiesi  plane  iliive  iiiialteieil  Hu-ilaia 
eoiisisu-il  ol  eslnnaliiii;  \ asis  aeeeleiaiion  ina.eniliules  aiul  ilneelions  vvlien  inpiil  bv  an  evivinneniei  .-X 
lepeai  ol  llu-  tests  was  iii.ule  vviili  llu-  baekiesi  plane  iliive  leveiseil  aiul  ainpliru-il  siieli  lliai,  iuh'ii  iliiiisinu',, 
llu-  iipivi  pail  ol  ilie  baekiesi  iilieil  all  Hu-  ilala  (.Appeiulix  HI  eoiirnnu-il  llu-  valuliiv  ol  llu-  baselnu- 
|oii,i<inaH  iliive, 

Hsnii;  ilie  baseline  iliive  with  lespeei  lo  baekiesi  plane  iliieeiional  inoveineni , ilaia  lesiiniaiioiis  ol 
ilneeiion  aiul  li  nianniliulel  vveie  taken  in  baseline  anipliiiule  lj;aiiH  aiul  ilonble  ilie  baseline  jjain  eoiulilioiis 
l.Vppeiulis  HI  .\i;ain,  a leliiin  lo  ilie  baseline  earn  eoiiri.miialioii  was  iii.ule  baseil  upon  siibieelive 
eoniinenis 

l>v  naiiiii- 1- valuations 

,\  1 ■>  ninniie  ileinonsiiaiioii  lliiilii  vv.is  leeoiiteil  lo  eoinpaie  llu-  Insi  j;eneiaiioii  .ASIM  li  seat  leoekpii 
HI  lo  ilie  nioiliru-il  seal  (eoekpit  Al  Hu-  ileino  niiilil  eseieiseil  llu-  aneiali  al  liijili  O aiul  loialioiial  laies  in 
all  a\es,  nuliulnit;  biakinti,  iliinsinii;,  lollin^;,  vawiiij;,  neiialive  aiul  lipeli  Hi  inaiu-iiveis  Hie  ilenio  vv,is 
leplaveil  Ibi  subieelive  evaluaiion  vvilli  snbieets  liisi  espeiieiieiiii;  llu-  liisi  i;eneialion  ( ASIM  I ll  seal , ilu-n 
the  iiunlit'ieil  (Al  I'OliSlseai  1 nil  vi.siial  sininlalion  was  pu'vuleil  bin  I'lalloini  iiiolion  was  oil  ilniiii!;  these 
evaliialions  Hie  iliive  eoiirigniations  vveie  noi  uleiilieal  loi  Al  I'lHlS  ,iiul  .ASIM  loi  two  leasons 

1 Hu-  .All'lKiS  inoililieil  seal  einploveil  loll  veloeilv  ,is  a iliive  soiiiee.  llu-  -ASIM  seal  uses  loll 
.leeeleialion 

J Hie  eoinpniei  ilenio  eonriiiination  seenieil  lo  be  oveiwiiiini;  a / aMseonliol  p.nanu-tei  alleeinii; 
(niinnni/in>;l  Ilie  se.ii  ('an  plane  lesiviuise  to  / aeeeleialioiis  on  ilie  nioililieil  seal  Hns  was  a peinianeni 
eliaiii'e  lo  tlie  sotlwaie  aiul  n was  not  iiuulilieil  I'oi  Ilie  ilenio  Snbieelive  eoinpaiisoiis  weie  u-eouleil  .nul 
eoinineiits  lelaieil  lo  ilie  above  eontigniaiions  vveie  siininiaii/eil 
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KesuiCs  and  Kecomnwiidatiuiis 

Mdvii){!  experienced  tlie  inaxinuiin  acceleraiioiis  to  which  llie  ALCtXiS  seat  suuulation  is  scaled, 
subjects  are  able  to  rejnrrt  G-level  direction  accurately  nearly  lOOi'  of  the  time,  li-level  magnitudes  with  the 
modiried  scat  ate  estimated  ijuite  well  even  in  multicomponent  acceleratioit  conditions. 

I’tessute  sensation  on  the  AIA'OGS  seat  in  localized  areas  is  very  strong  and  jvrhaps  too  strong. 
I'onversely . area  of  contact  changes  are  subjectively  tot)  limited.  .A  trade  off  of  the  increased  pressure  for  an 
increased  area  of  contact  concept  was  recommended.  Tlie  first  step  in  this  direction  was  a height  reduction 
or  elimination  of  the  passive  tuberosity  blocks  such  that  only  a Hat  plane  remained.  Tlie  next  step  was  the 
consideration  of  a contoured  seat  pan.  In  the  case  of  Hie  backrest,  consideration  was  given  to  a concave 
plane  with  the  center  of  the  concavity  located  about  one  or  two  inches  above  the  pilot’s  belt  line. 

.Althougli  not  unanimously  voiced,  a number  of  subjects  felt  that  the  passive  raised  ramp  thigh  panels 
did  not  provide  the  magnitude  of  cue  desired  and  in  many  cases  could  barely  be  lelt  at  all.  Flie  thigh  ramps 
(I'igute  used  in  this  study  rise  to  .V4-inch  height  at  the  outboard  edges  and  the  tuberosity  blocks  were 
1/4-inch  in  height  leaving  only  a 1/2-inch  differential.  The  subjective  feeling  is  that  tuberosity  blocks  tend 
to  hold  the  txrdy  up  off  the  seat  pan  upper  plane  and  this  likely  tends  to  diminish  the  (vreeption  ot  the 
presence  of  the  tliigh  ramps.  I'liniinalion  of  the  tuberosity  blocks  should,  theretore,  also  help  to  eliminate 
the  thigh  ramp  problem.  However,  thigli  ramps  with  outboard  elevation  in  the  1.25- to  1. 5-inch  region 
should  be  tested  and  will  probably  be  reipiired. 

Tlie  active  thigh  |>anels  of  the  first  generation  G-seat  are  definitely  ix'rceived  and,  although  there  is 
some  argument  among  the  subjects  as  to  whetlier  this  is  a valid  replication  ot  the  sensation  in  the  actual 
aircraft,  there  appears  to  be  agreement  that  the  thigh  panel  activity  aids  in  cuing  and  perception  of  aircraft 
acceleration  magnitude  and  direction,  nie  single  Hight  rated  subject  who  experienced  both  tlie  ASPT and 
modified  seat  opined  strongly  for  iinire  outer  thigli  stimuli  than  tliat  provided  by  the  modified  seat. 

It  apjx'ars  to  be  iinjxirtant  to  insure  tliat  the  tirinness  bladders  position  the  subject  (under  Ki  straight 
and  level  conditions!  such  that  the  ischial  tuberosities  and  spinal  regions  are  in  close  proximity  to  tlie  rigid 
plane  under  the  firmness  bladder.  If  not,  a very  confusing  cue  occurs  during  the  initial  phase  of  firmness 
bladder  exhaust  where  skeletal  structure  settles  to  the  plane.  Tlie  present  concept,  although  not  fool-proof, 
calls  for  a subject  weight  bias  to  automatically  make  this  adjustment  from  one  subject  to  another. 

Tlie  dilTerences  between  CONOl-LOW  response  in  pressuri/ation  vs.  exhaust  cycles  was  detected  by 
most  subjects  particularly  in  firmness  bladder  drive.  Tlie  CONOl-LOW  performed  above  expectations  in 
linearly  adjusting  pressure  in  a difijcult  region  (0-1  psi).  Tlie  ability  to  exhaust  lightly  loaded  areas 
(upright  backrest)  was  better  thiui  expected.  Nevertheless,  these  arc  unsatisfactory  in  finiiness  cell 
iitili/atioii  since  exhaust  to  subatmospheric  conditions  is  a necessity. 

Only  one  of  the  two  air  inlet  passages  to  each  of  the  seat  pan  (irmness  bladder  compariments  were 
utilized.  Only  two  of  tlie  scheduled  four  inlets  were  used  in  the  backrest  bladder.  At  least  one  subject  noted 
low-pass  type  response  as  air  “crept  into”  the  bladders.  It  will  probably  be  necessary  to  add  two  additional 
inlets  to  each  of  the  seat  pan  compartments  at  the  forward  (Xirtioii  of  the  compartment.  .-Ml  inlets  must  be 
either  manifolded  into  the  upper  plane  underlaynieni  or  routed  tliroiigli  metal  tubing  affixed  to  the 
underside  of  the  upper  plane. 

There  was  not  eiiougli  time  to  permit  evaluation  of  all  configurations  as  initially  planned  (such  as 
active  tuberosity  drives),  but  additional  research  will  be  conducted  after  the  existing  data  are  analyzed  and 
research  needs  are  established. 

Contoured  Seat  and  Motion  Consideration 

Tlie  concept  of  contoured  seat  pan  and  backrest  fonns  was  investigated  on  the  ASPT  in  January 
ld77.  During  fJiis  session,  three  specific  interests  were  evaluated; 

I.  Evaluation  of  the  interaction  between  tlie  firmness  bladder  concept  when  employed  in  the 
presence  of  an  active  iiHition  system. 
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f iyiiri-  10.  Contoured  backrest  oblique  vieu 


IV.  .Sl'MMAKV  \NI)(  ()N(  Il'SIONS 


(i  si'at  coiirij'uiatioii  siniiilalioii  dii  (ho  ASI’I  has  k’siillot.1  in  llio  lolh)wiiij;  loiK'liisiims,  as  (tbsi'ivoii  In 
llio  ii'soaii’lK'is/suhjci'ls. 

I.  riio  .MCOCi.S  appioach  londs  In  I'loviih'  a iiunc  inlcpiaU'il . o<nliiiiiitiis  si'iisaliitii  nl  a seal 
slrudUK'  than  dnos  llio  I'lisl  ponoialinn.  ASI’I -(ypo  scat  Pu' nuhvidnalisin  nl  Iho  ihivo  lonipniu'iils  nl  iho 
liisl  jiciu'ialinn  (i-soal  soi’ins  In  he  pciccplihle. 

Theiv  appears  In  he  eilhei  a nenlial  ni  pnsilivelhni  nnl  tiepalive)  nileiaelinn  helweeii  Ihe  ASI’I 
ninlinn  sysleni/rhive  seheme  ainl  Ihe  riininess  hhuhleis,  depeiuleni  npnn  whieh  asis  is  in  ipieslinn  Pus 
eniiehisinn  snppnils  Ihe  nlihly  nl  this  eniicepi 

Pie  aelive  ihiph  panels  nl  Ihe  liisI  e.eneialinn  seal  aie  deriiiilelv  peieeiveil  and  allhnni’.h  Iheie  is 
smile  aipiiinenl  aninnp  Ihe  siihjeels  as  In  whelhei  this  is  a valid  lei’liealinii  nl  Ihe  sensalinn  in  Ihe  .lelnal 
aiieiall,  iheie  appeals  in  he  agieeiiieni  dial  Ihe  Ihii'.li  panel  aelivilv  aids  in  enini',  and  peieeplinii  nl  aiieiall 
aeeeleialinn  niapnilnde  and  diieelinii.  Pie  passive  lhi(’,h  weilj^es  use  In  h'l  iiieli  hei(',hl  al  Ihe  nnihnaul 
edj’.es  and  shniihl.  peihaps,  he  np  In  Iwise  dial  heiejil  In  he  iiinie  elleelive 

■I  I'tiheinsily  hlniks  appeal  In  he  elleelive  even  il  passive  llnwevei.  il  was  Innnd  dial  I -I  ineh 
hii'.li  hineks  were  Inn  exeessive  and  dial  iin  hineks  pinvuled  a I lek  nl  sensalinn  Inilial  Al  I'OIIS  inheinsiU 
hineks  shniild  rise  In  a niediinii  raiipe.  peihaps  |/S-iiieh 

5.  Ilaviiip  niiee  expeiieiued  die  niaxinnini  aeeeleialinns  in  whieh  die  Al  ( IMIS  seal  sininlalinii  is 
sealed,  siihjeels  are  able  In  lepnrl  li-level  diieelinii  aeeiiialeh  iieaih  HU)',  nl  die  lime  (i  lerel  iii.ie.iiilndes 
aie  esliiiiated  ipnte  well  even  in  innlliennipniienl  aeeeleialinn  eniidilinns 

(>.  I’lessiiie  sensalinn  in  Ineah/ed  aieas  is  vei\  sliniie.  and  peihaps  inn  sliniii'.  I'niiveiselv  .iiea  nl 
enniael  ehaiiiies  aie  Imi  liiiiileil.  \ Hade  nil  nl  Ihe  nppei  pnilinn  nl  die  piessme  nidiienie,  e.ip.ihilils  In 
iiieiea.sed  area  nl  enniael  is  defniilely  iei|iiiied  Pie  liisl  slep  in  ihis  diieelinii  is  .1  heiehi  lediielinn  nl  ihe 
passive  liihernsily  hineks.  I'lie  nexi  slep  is  die  ennsideialinn  nl  a enninnied  se.ii  p.iii  np|X'i  pl.me  hi  die 
ease  nl  Ihe  haekiesi,  ennsideialinn  nl  a enneave  iip|Vi  iilane  willi  Ihe  eeiilei  nl  Ihe  eniie.ne  Inealed  .ihniil  1 
ni  2 iiiehes  ahnve  hell  line  shnnid  he  eniisideieil. 

7.  riie  enntnnieil  seal  pan  easily  ineieased  die  sensalinn  nl  aiea  nl  eniil.iel . hnl  die  aiiiniml  nl 
enninnr  shnnid  he  less  Ilian  dial  eniplnyeil  in  die  evahialinn.  I’lessnie  enes  aie  iieaiK  InlalK  Insi  when  siieli 
heavy  eniilnninij’,  is  enipinyed. 

S.  I’nni  lespniise  peirniiiiaiiee  nl  die  ('ONOI  I 0\V  valves  in  piessnii/alinn  vs.  exhaiisl  eveles  w .is 
deleeled  hy  iiinsi  siihjeels.  pai lienlailv  in  rninness  hladdei  diive  II  seems  ilnnhllnl  dial  CONDI  I OW.S  will 
he  salislaelniv  in  riimnesseell  niili/alinii. 

').  Aldinni'.li  Ihe  rnmness  eells  alniie  pinvide  a pnilinii  nl  Ihe  einiii’.  eniiipleiiieni . seal  nppei  plane 
ninvenieiil  vastly  iiiipinves  the  siihjeelive  iiiipiessinn  nl  Ihe  siiiiiilalinn 

II).  H>  viiliie  nl  these  demnnslialinns.  Ihe  piiiieipal  niveslii’.alni  leels  as.snied  dial  pinpnsed  !■  seals 
Ini  rninre  siiiiidalni  pinpianis  leiiipiny inp  .Al  COliS  like  (i  seals)  ennid  he  sniinlaled  nn  die  .ASI’I  in  iiiiieh 
die  same  niaiiiiei  the  Al  COliS  was  siiiinlaled.  'Ins  sininlalinn  wnnhl  allnw  Ihe  eniiliaelni  Ihe  nppnilniiilv 
In  set  lip  a haseline  ennripiiiatinn  nl  Ins  (i  sea.  haidwaie  and  snllwaie  and  allnw  laelieal  aiieiall  pilnis  die 
nppnilniiily  In  evahiale  die  pmiHiseii  (i  seal. 

Kl  I I Kl  Nl  I .S 

l aeoiili.  V,.  \ I'piis,  R.  Athwind  \ii>iii/iiri<>n  in  iiihlir\;riiilii<ih'  iiiMrin  lii‘ii,il 

svsu-in.  AI  MKI  IK  75  5‘)(IV),  AI)  AI)I7  ll.5.  W'liphl  I’alleisnn  .M  il.  OP  Adv.iiieed  Svsienis 
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APPI.NDIX  A:  GKNBRAL  DESCRIPTION  OF  THE  ASPT  G-SEAT 
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A general  description  ol'  the  ASPT  G-seat  and  its  drive  philosophy  is  presented  here.  A more  specific  j 

discussion  (Kron,  1975)  covers  tlic  entire  Ci-seat  development.  ^ 

( 

ASPT  G-Seat  Components 


The  existing  G-seal  in  the  ASPT  is  composed  of  the  following  basic  elements  (Figure  1 ); 


1.  Scat  Pan  Cushion.  A 16-  by  16-inch  seat  is  formed  by  a mosaic  of  sixteen  square  metal  air 
bellows. 


2.  Backrest.  A 16  by  23-inch  backrest  is  formed  by  a mosaic  of  nine  rectangular  metal  air  bellows. 

3.  'Ihifth  Cells.  On  top  of  the  seat  pan  in  upholstered  containers  are  two  thigh  panels,  each  composed 
of  three  plastic  air  cells.  Tlie  cells  are  fabricated  in  such  a way  that  their  excursion  strikes  an  arc. 


i f 

i 


i 


4.  l.ap  Belt.  Tlie  lap  belt  is  driven  in  extension  and  contraction.  The  seat  is  also  equipped  with  a ] 

standard  shoulder  harness.  Althougli  this  device  is  not  actively  driven,  there  is  some  coupling  of  the  lap  belt  \ 

drive  into  the  shoulder  harness  because  the  lap  belt  buckle  also  serves  as  a terminus  for  the  shoulder  straps.  | 

5.  Upholstery.  The  seat  pan,  backrest,  and  thigh  cells  are  overlaid  with  a 0.5-inch-thick  layer  of  ? 

closed  cell  foam  padding.  The  seat  is  upholstered  in  canvas  duck  with  side  panels  of  elasticized  material  to 

permit  cushion  movement.  Cushion  zippers  permit  entry  to  the  internal  air  cells.  :■ 

A pneumatic  control  assembly  provides  individual  pressure  control  of  each  one  of  the  31  drivable  ^ 

cushion-elements  as  well  as  the  lap  belt.  Tlie  air  cells  and  lap  belt  respond  to  G-seat  software  drive  i 

commands  with  pressure  changes  which  are  continuous  in  nature.  Tlie  lap  belt  actuator,  the  six  thigh  panel  i, 

air  cells,  nine  backrest  air  cells,  and  sixteen  seat  pan  air  cells  are  all  treated  as  excursion  devices.  The  f 

amount  of  excursion  is  controlled  by  the  pressure  of  air  delivered  to  the  device.  Tlie  desired  pressure  ' I 

command  is  calculated  by  the  G-seat  software  from  flight  model  acceleration  calculations  (translational  and  j 

rotational)  transferred  from  the  aircraft  center  of  gravity  to  the  pilot  station  axis.  A fundamental  premise  in 

formulating  the  G-seat  software  is  the  concept  that  seat  position  is  directly  proportional  to  aircraft  ' 

acceleration.  In  the  normal  IG  state,  the  seat  is  maintained  at  a neutral  point  which  is  formed  when  the  air 
cells  and  lap  belt  are  near  the  mid-points  of  their  respective  excursion  ranges.  In  general,  the  seat  should 

“fall  away”  from  the  areas  of  increased  flesh  pressure  normally  resulting  from  seat/subject  acceleration.  An  : 

exception  to  this  rule  is  the  contouring  concept  wherein  localized  areas  of  the  back  and  buttocks  are  | 

subjected  to  increased  flesh  pressure.  The  mosaic  form  of  the  seat  permits  the  seat  to  fall  away  from  general  i 

areas  of  increased  flesh  pressure,  yet  within  that  same  area,  locally  increase  flesh  pressure  by  altering  the  ’i 

shape  of  the  G-seat.  I 


i 


ASPT  G-Seat  Drive  Philosophies 

Tlie  major  software  drive  concepts  arc  translation,  plane  orientation,  and  contouring.  In  scat  trans- 
lation, the  elevation  of  a complete  set  of  cells,  either  (or  both)  the  seat  pan,  or  the  backrest  set,  is  caused  to 
translate  in  unison  a uniform  distance.  In  the  case  of  the  seat  pan.  the  translation  abides  by  the  activity  of 
the  z-axis  acceleration  component.  Positive  (headward)  acceleration  produces  decreased  seat  pan  air  cell 
elevation  and  negative  (footward)  acceleration  produces  an  increase  in  scat  pan  elevation  (simulates  being 
lifted-out  of  the  scat).  Tlie  backrest  cells  are  sensitive  in  a like  manner  to  x-axis  accelerations. 

In  seat  plane  orientation,  the  plane  formed  by  a complete  set  of  cells,  cither  or  both  the  seat  pan  set 
or  backrest  set,  is  caused  to  be  reoriented.  Tlie  key  to  the  reorientation  is  the  seat  pan  plane,  which  is 
driven  so  that  it  approximates  an  orientation  normal  to  the  total  acceleration  vector,  including  the  gravity 
com[X)ncnt.  The  plane  of  the  backrest  is  driven  in  a complimentary  manner. 

hither  or  both  the  seat  pan  and  backrest  may  be  caused  to  assume  a contoured  shape  which  produces 
a flesh  pressure  redistribution  thouglit  to  be  compatible  with  body  response  to  acceleration  along  any  one 
axis  or  combination  of  axes.  Tlie  degree  of  contouring  is  governed  by  the  magnitude  of  the  acceleration 
component  along  each  of  the  seat  axes. 
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rise  lliigli  panel  a'll  excursions  respond  to  any  or  all  of  the  lateral,  longitudinal,  and  vertical 
acceleration  components,  for  example,  when  the  scat  pan  is  caused  to  settle  under  headwards  aircraft 
acceleration  conditions,  the  arc  struck  by  the  thigli  panels  is  caused  to  increase,  bringing  more  of  the  seat 
into  flesh  contact  and  enhancing  the  feeling  of  “settling  into  the  scat.” 

ASPT  G-Seat  Flexibility 

Ttie  ASPT  G-seat  was  designed  to  provide  extx'rimental  flexibility  as  a general-purpose  research 
model.  Fach  o(  the  basic  G-seat  drive  concepts  contain  control  parameters  which  may  be  easily  altered  by 
the  exiierimenter.  By  way  of  example,  these  parameters  provide  the  following  latitude  of  control: 

1.  Permit  each  concept,  on  a per-axis  basis,  to  be  included  or  deleted  from  the  overall  drive  scheme. 

2.  Permit  the  intensity  of  each  concept,  on  a per-axis  basis  to  be  varied. 

3.  Permit  the  contouring  schemes  to  be  altered  for  acceleration  along  each  axis. 

4.  Permit  drive  reversal  within  each  concept  on  a per-axis  basis.  These  and  other  control  parameters 
are  maintained  in  software  files  for  ready  retrieval.  It  is  possible  for  the  experimenter  to  alter  the  complete 
structure  ot  the  G-seat  drive  model  in  real-time  without  imposing  long  reinitialization  delays  upon  his 
subject.  An  extensive  CRT  system  allows  the  experimenter  to  access,  monitor,  and  control  software  status. 
Tire  CRT  system  possesses  color  capability  and  can  present  graphical  displays,  as  well  as  alphanumeric  data. 
Keyboard  entry  units,  as  well  as  display  units,  are  located  in  both  cockpits  and  at  the  advanced  instructor 
station  console,  normally  considered  the  base  for  the  experimenter. 


I 


t 

I 


I 


1 


I/7V  ,\7)/.V  li  Al  C (x:s  CONI  UaiKA  HON  SIMUl  A VION  DATA 
llto  lollowiii};  k-sis  wore  pcrlonucil  on  tlic  nu>iiirKHl  (i-sc;il.  I'ho  mliial  ilalaarc  niven  loi  oaili  ol  tho 

tests. 

Test  »1  Al.C'OCiS  I'irniness  Cell  CalilHatioi) 

llie  siibieet  is  seated  on  the  dellated  (()..S  psi)  seat  pan  t'ninness  eell  without  tuberosity  bloeks.  I'be  pressure 
at  whieb  the  subjeet  (vreeives  betnj;  lilted  just  olT  the  seat  is  determined  and  called  the  10  state.  A pressure 
ot  0,.^  psi  is  called  the  ma.xiniunt  O stale.  .Slailiii);  al  either  ol  these  two  eml  points,  the  piessuie  in  the 
bladder  is  changed.  The  subject  then  stales  what  ivrcenlajie  ol  max  Os  he  is  experiencing.  ( 10  = tV  ; , max  O 
UM>,> 


Stibj.  No. 

Subj.  Wi. 

Condition 

Perceived  10  Pressure 

1 

175  lb. 

10  lltreshold  Pressure 

1 .')  psi 

185  lb. 

Hi  Threshold  Pressure 

1 .8  psi 

5 

215  lb. 

10  Ilireshold  Pressure 

1 .‘)  psi 

4 

1781b. 

10  llrreshold  Pressure 

1 .1'  psi 

l ij’ure  HI  summari/es  the  O estimation  data  italhered  on  4 subiects. 

I'irniness  Cell  Pressure  Oata  Summary 

Backrest  l iimness  Cell  with  bias  (Siibj.  I) 

’l'•reshold  O.S  psi 
"Knee  of  Curve"  0.2  psi 
Saturation  0.1  psi 

Seal  Pan  I'irniness  Cell  Pressure  O Kelationship 


RiphI  Side 

Ip  = 1 .7  psi 
2p  = 1.2  psi 
.?p  = 0.7  psi 
4p  = 0.25  psi 
5p  = 0. 1 psi 
bp  = 0 psi 


l eft  Side 

Ip  = 1 .75  psi 
2p  = I psi 
.Ip  = O.S  psi 
4p  = 0.4  psi 
5p  = 0.2  psi 
bp  = 0.1  0.2  psi 


Test  #2:  .Al.COtiS  I'irniness  Cell,  I’hipli  Wedpes,  Tuberosity  Blocks  Calibration  Oata  Sunimaii/ed  on 
I'ipure  B2. 

The  subject  was  sealed  in  the  ASPT  cockpit  seal  which  was  Vilted  with  a backrest  ririiiiiess  cell,  seal 
pan  rirniness  cell,  lulx’rosity  blocks,  and  Ihiph  wedpes  (I'ipure  7).  The  subject  was  taken. ihrouph  the  various 
“0-levels"  in  the  three  axes,  x,  y,  and  /.  Siartinp  each  lime  al  the  noniiiial  stale  (X=0,  S'=0,  /=!),  the 
rirtiiness  cell  pressures  were  chanped  and  the  subject  conveyed  wbal  he  ihouphi  the  new  stale  was,  in  terms 
ol'  Cl’s.  A linear  relationship  between  pressure  and  O’s  was  assumed. 

I.imiks.  0 < X < .25  (thrustiiip  only) 

.2«SY<  2 
b < Z ^ I 


Tentative  conclusions  on  lour  subjecl.s’  linearity  on  the  dimpled  llrmness  bladder 
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AVERAGE  ERROR  IN  ESTIMATING  Gs  Wl  TH  BLADDER 


AND  ACTIVE  PLANAR  DRIVE 
(SUMMARY  OF  RESULTS  FROM  TESTS  2 AND  3) 


XAXIS  19.2%  ERROR  0o.X«..  .25 

Y AXIS  4.%ERROR  0.2o«Y»i.02 

Z AX  IS  22.%  F R ROR  1 . »»  Z 6. 

AFTER  ADDITION  OF  HACKRESI  BLADDER  BIAS,  ERROR  FROM  SINGLE 
AXIS  TEST 

X AXIS  - 7.7%  ERROR 

Fi\;uri-  .\verago  error  in  cstimuting  (is  with  hlailders  uiul  uetire  planar  drive. 

1 Ideal  eiiive  ol  snhjeelive  (i‘s  (‘T  max)  vs.  pressuie  in  psi  would  be 
LUX)  0) 

li  L ' max)  ' (P 

’’lOO  'o 
I 

G UX)|I  — (P  .5)1  I'oi  P^,^)  = .5  psi 
1.4 

P,  = I “ psi 

(i  - IIX)  ll  .it.  .71  1*1 

J .Vuial  lineal  legiession  curves  have  a nune  shallow  slope 

.\ppiox.  (1  = 11)0  1 1 .71(1*  .5)1  (oi  subject  I 

G UK)  il  l .M>LP  .5)1  loi  snbiecl  2 
G = 100  1 1 57  (P  .5)1  loi  subject  .) 

Die  actual  curves  have  a secoiuUnilei  non-liiuMiits , api'eaiing  nunc  shallow  at  the  highei 
piessiiies  (lower  siibiective  Gs) 

Miejit  Til  eipiation  b\ 

G IIH)|1  a(P  5)  » b(P  .5)M 

4.  The  slandaid  rieviaiion  oT  the  '"r  G at  anv  one  piessnie  is  about  5',  to  ItV'i  aiul  incieases  Toi 
bighei  I'lessines  lowei  (is. 

llieie  IS  some  lendenev  Toi  'i  G estimates  to  be  highei  tm  incieasmg  piessutes  (loweimg  ' i Gs) 
than  Toi  decicasing  piessines  (hysteiesis). 


Actual  (Gs) 

Perceived  (Gs) 

Perceived  (Gs) 

Subject  1 

Subject  5 

1)  X = +0.08  "iniiiiinal” 

Y = 0 0 

Z = 

2) x  = +.i:  0 

Y = +.1(R)  +.14 

Z = —l  (normal)  2 

3) X=+.12  +.05 

Y=+.|(R)  +.08 

Z=-l  -2.5 


4)  X = 0 Unsure 

Y = -.2(L)  -.IQ 

Z=-3  Unsure 

5) X  = +.2  +.2 

Y = 0 +.05 

Z=-6  -5  1/2 

6) X=+.I5 

Y = -.l 
Z=  2.5 


0 

.1  (L) 


.1 

-.1 

0 


“a  little  X 
-.15 
1 


Test  # 3:  Same  as  #2  witli  tlie  addition  of  backrest  and  seatplane  ASPT  G-seat  action.  R = right.  1.  = left 
(Results  summari/cd  on  Figure  B2) 

Actual  (Gs)  Perceived  (Subj.  I)  (Gs) 


1) X  = 0.08 

Y = 0 
Z = -3 

2)  X = 0 

Y = -.2(L) 
Z = -3 

3) X=.12 

Y = .l  (R) 

Z = -l 

4)  X = .2 

Y = 0 
Z = -6 

5) X  = .15 

Y = -.1(L) 
Z = -2.5 


.Ob 

0 

-4.5 

.07 

-.18 

-1.5 

.1 

.I2(R) 

.15 
.05 
5 1/2 

.07 

-.1 

3.5 


Comments  - Subject  1 (comments  on  test  #3) 

- On  small  excursions  with  roll,  bad  trouble  discriminating  changes.  (Tliis  is  with  seat  plane 
operational) 

— No  rotational  feelings  from  backplane. 
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On  biickii'si  (\  ;i\is  aic  ) .-5(i  I'ooljiii;  iiphl  liown  spino  to  lowoi  baik.  snlul  apains(  tiackiosl . xlim 
losponsi'  li'lt  I'loin  t).0  In  0 070  with  small  positional  ihanpiv  Mikli  quk'koi  losponso  ami  positional  ilianito 
notoil  lioiii  0,07  to  0.170. 

In  noininal  10  slate  tell  as  11  still  on  iuIh'iosiIs  hloeks 
riiiitli  panels  not  iiolieeahle 

lest  "-1  Slalie  IVieepiion  lest  Results  on  the  .M  COOS'ASI’r  t.  Seal 

Ikiekiest  rnniness  eell  was  hiaseil  (lhas  in.). haekiesi  plane  was  aeine.  Stalling  at  \ .17.^  (niul 

lange).  Os  weie  vaiied  lioiii  that  point  Siihieei  ga\e  Ins  esinnale  i>l  the  new  value.  (O  level  always  leiiiineil 
to  I 7S  bel'oie  nipiiitnig  ne\i  value).  Iliese  Jala  plolleil  on  l igiiie  U.v 


0 X>s.  0.25 


X X 


n Suliject  *1 


X Subject  ~2 


X 

Peiceiveil 

/■'/yi/n'  /).»’.  Poiveptioii  tif  \-ii\is  iieet'leriiti«ni  using  iietive  baekrest  and  bladder. 


Test  #5:  Alternate  Backrest  Drive  Test 

Same  as  Jt4.  however  backplane  drive  was  chaiiited  to  pivot  lioin  the  bottom  instead  ol  the 
mg  ixrint  was  x = .125  Data  plotted  on  Figure  B4. 

Test  «4  T..S, 


+ X Thrusting 


X Jlirusting 


